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much more harmful than colinear impacts.
It will also be shown that oblique impacts
can cause stresses sufficiently high to
explain fatigue failures in flapper valves.

ABSTRACT
Impact stresses in flapper valves have been
calculated on the basis of a finite element
analysis. The impact velocity at initial
contact used in the present calculations,
8 m/s, has been taken £rom previous high
speed photographic measurements. Our
calculations indicate that the final
impact velocity at oblique impact exceeds
8 m/s significantly. This "whip-lash
effect" gives rise to higher impact
stresses than those obtained at colinear
impact. It is concluded that impact fatigue
cannot be explained without taking oblique
impacts into account. When an obliquity of
1° is co~sidered an impact stress of
730 N/mm (106 ksi) is attained.

DESCRIPTION OF MODEL
In the theoretical model we have attempted
to simulate the seat geometry in the
Sandvik Impact Fatigue Tester (SIFT) as
much as possible (see figure 1, ref. 2).
However, in order to keep the number of
elements down, the width of the valve has
been reduced so that the radius of the
valve tip is identical to the seat radius.
Apart from this deviation the geometry is
identical to the original geometry.
The element mesh chosen may be envisaged
with reference to figure 2. Linearly
elastic three dimensional isoparametric
8-node elements were used. The numerical
integration was performed using the
central difference method.

INTRODUCTION
In a previous investigation by svenzon (l)
attempts were made to estimate the stresses
arising in flapper valves during impact
fatigue testing. The impact velocity was
determined from high speed photography
(8 m/s) and when colinear impact was assumed a stress of 160 Njmm2 (23 ksi) could
be deduced. It was concluded in the same
report that this stress is far too low to
explain the observed impact fatigue
failures in flapper valves. Svenzon also
attempted to investigate the effect on
stress of oblique impacts using the finite
element method (FEM). However, due to time
consuming numerical calculations, this
investigation was not completed.

The nodes labelled 1-9 refer to those
discrete points where velocities, displacements and contact forces were calculated in detail. Since it is expected that
the maximal stresses will arise in this
region it was considered to be sufficient
to investigate only those points. Furthermore, a complete representation of all
stresses would require much more space
and would also be difficult to survey.
The model used is based on certain
assumptions which are discussed below:

The situation has become different since
efficient minicomputers are now easily
available. This has enabled a reconsideration of oblique impacts and the purpose of
this paper is to present results concerning
this investigation.

(i)

The initial velocity was chosen to be
8 m/s which facilitates a comparison
with results obtained by Svenzon (l).

(ii) Two initial valve configurations
were considered: the first corresponding to the fundamental mode and
the second corresponding to a superposition of the fundamental and the
second mode of vibration. The first

It will be shown that oblique impacts give
rise to "whip-lashes" q_s was suggested previously (l). The impact velocities and
stresses verify that oblique impacts are
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situati on which was analyse d by
Svenzon (1) corresp onds to colinea r
impact whereas the second results in
oblique impact with an angle of 1°.
These two cases are schema tically
shown in figure l.
(iii) In order to obtain a stable solutio n
the time increme nt used in the
numeric al calcula tions needs to be
smaller than~ 50% of the transit ion
time require d for a stress wave to
propaga te across the thinnes t part of
the specime n. With a thickne ss of
0.38 mm the transit ion time becomes
""'70 ns. Therefo re 20 ns, which was
used through out all calcula tions has
been judged to be suffici ently small.
The contact between the valve and the seat
was governe d by contact -impac t relatio ns
which have been fully describ ed by Nilsson
(3). These relatio ns automa tically take
possibl e release and multi impacts into
accoun t. When calcula ting the contact force
a low pass digital filter (Butter worth
filter of order 8, see ref. 4) with a
corner frequen cy of 15 MHz was used to
elimina te the spuriou s oscilla tions. Since
the frequen cy of these is ~ 2 7 MHz it was
conside red that this would be a proper
choice of the corner frequen cy of the
filter. For instanc e, a lower corner frequency may have a tendenc y to underes timate
the contac t forces whereas a higher frequency allows the spuriou s oscilla tions
to pass.
It should also be mention ed that the
comput ations perform ed in the present
analysi s require d 25 CPU-ho urs in a
NORD-1 0/S comput er.

functio n of time, In figure 3a it can be
observe d that the valve approac hes the
seat and comes very close at t ~ 25 us
but it does not touch until at t ~ 4~ ;us.
Similar feature s were observe d for other
nodes close to node 5. The corresp onding
velocit ies do not exceed the initial
velocit y 8 m/s. The maximum contact force
is 470 N corresp onding to a shear stress
of ~310 Njmm2 (45 ksi) or a von Mises
stress of ~540 N/mm2 (78 ksi).
In figures 4a and b the same parame ters
as in the previou s two figures are presen ted when node 9 is conside red. This positio n
corresp onds to the very tip, where the
velocit y enhance ment due to whip-la sh
effects may be expecte d to be pronoun ced.
We find that contact occurs at
~ 30
us
at an impact velocit y of 13 m/s, i.e. ~ell
above the initial velocit y. The highest
observe d velocit ies were obtaine d for this
node and it should be pointed out that at
certain times the velocit y is even higher
than the final impact velocit y, namely
18 m/s at t .-.... 20 ;us. This effect is
attribu ted to the vibrati ons of the valve
itself which are superim posed on the overall valve motion.
The maximum contact force for node 9 was
found to be 630 N, which gives a shear
stress of ~420 N/mm2 (61 ksi). This is
equival ent to a von Mises tress of
~730 N/mm 2 (106 ksi) which should be
compare d with the corresp onding value
obtaine d in case 1 which is 530 N/mm2
(77 ksi).
DISCUSS ION

RESULTS
The values obtaine d for the fundam ental
mode provide a basis for compari son with
the second case which - in contras t to the
fundam ental mode - involve s obliqui ty.
From the maximum contact force, which is
460 N, a maximum shear stress of "'-'305 N/mm 2
(44 ksi) may readily be calcula ted correspondin g to a von Mises stress of
~530 N/mm2 (77 ksi).

The results clearly show that oblique
impacts give rise to whip-la shes in certain
parts of the valve tongue. This effect is
convinc ingly shown in figure 4b, where an
impact angle of 1° is conside red. In this
particu lar case the maximum velocit y
obtaine d is more than twice the initial
velocit y. Since impact angles often exceed
1° and may be as high as 3° (2) it is
expecte d that "whip-l ash effects " may
become even more pronoun ced in real situations.

Figure 2 present s a sequenc e of picture s of
the valve shape using the second mode at
differe nt stages of impact: 0, 10, 20, 50
and 60 1 us after initial contac~. It may be
observe B that the initial impact at node 1
causes a conside rable distort ion of the
region in the immedi ate vicinit y. Additio nally, tb re is a clearly disting uishab le
distort _on of the central part of the semicircula r tip (arrowe d) causing it to assume
a "bowl-s hape".

On the basis of results from nodes l-9 we
conclud e that the "whip-l ash effect" , in
terms of velocit y and contact force is
stronge st at the very tip of the valve
tongue. This result is consist ent with the
results obtaine d by Svenzon (1) who used
an oblique seat which could be rotated .
Svenzon found in his investi gation that the
positio n of the fractur e could be contro lled by alterin g the directi on of obliqu ity,
indicat ing that the whip-la sh became more
pronoun ced in the directi on of obliqu ity.

Figures 3a and b show the displac ement and
corresp onding velocit y at node 5 as a

From the "bowl-s hape" of the valve in
figure 2 we infer that large shear stresse s
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arise in this region. This is also in
agreement with our calculations. In the
present paper we have chosen to present
our results in terms of the von Mises
stress
1
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where T is the s-hear stress which arises
in the immediate vicinity of the contact
ring
2
The maximum stress obtained was 730 N/mm
(106 ksi). By way of comparison we may
quote the fatigue limits obtained for
AISI 1095 in reversed bending and in 2
pulsating tension. These are ±660 N/mm
(±96 ksi) and 600±600 N)mm2 (87±87 ksi)
respectively (ref. 5). On the basis of
this comparison it is evident that a
stress of 730 N/mm2 (106 ksi) attained
during oblique impact conditions is
sufficient to cause fatigue in AISI 1095
valve steel. However, the stresses obtained when colinear impact is assumed is
considerably lower (530 N/mm 2 , 77 ksi)
and may consequently be expected to have
little or no influence upon the fatigue
process.

Figure l
The fundamental mode (a) and the
second mode (b) of vibration. The
first valve configUration corresponds
to (a) whereas the second is a superposition of (a) and (b). (After
Svenzon, ref. 1.)

CONCLUSIONS
l) Oblique impacts give rise to "whip-lash
effects", with a corresponding increase
in contact force and final impact
velocity.
2) The stresses obtained for oblique
impacts in the direction of obliquity
are sufficiently high to cause fatigue
in valve materials.
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Figures 3a, b
Displacemen t and velocity at node 5. Note that there is
a good agreement between the two diagrams, in particular
the impact at t = 43 us.
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Displacement and velocity at node 9. The onset of the
whip lash occurs at ,..,.,15 us.

I

Jgs

s'<t

u1
'<t

